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Abstract 

Obesity is a multifactorial disorder often associated with many important diseases such as diabetes, hypertension and other 
metabolic syndrome conditions. Argyrophil cells represent almost the total population of endocrine cells of the human gastric 
mucosa and some reports have described changes of specific types of these cells in patients with obesity and metabolic 
syndrome. The present study was designed to evaluate the global population of argyrophil cells of the gastric mucosa of 
morbidly obese and dyspeptic non-obese patients. Gastric biopsies of antropyloric and oxyntic mucosa were obtained from 50 
morbidly obese patients (BMI >40) and 50 non-obese patients (17 dyspeptic overweight and 33 lean individuals) and 
processed for histology and Grimelius staining for argyrophil cell demonstration. Argyrophil cell density in the oxyntic mucosa of 
morbidly obese patients was higher in female (238.68 ± 83.71 cells/mm 2 ) than in male patients (179.31 ± 85.96 cells/mm 2 ) 
and also higher in female (214.20 ± 50.38 cells/mm 2 ) than in male (141.90 ± 61.22 cells/mm 2 ) morbidly obese patients with 
metabolic syndrome (P = 0.01 and P = 0.02, respectively). In antropyloric mucosa, the main difference in argyrophil cell 
density was observed between female morbidly obese patients with (167.00 ± 69.30 cells/mm 2 ) and without (234.00 ± 69.54 
cells/mm 2 ) metabolic syndrome (P = 0.001). In conclusion, the present results show that the number of gastric argyrophil cells 
could be under gender influence in patients with morbid obesity. In addition, gastric argyrophil cells seem to behave differently 
among female morbidly obese patients with and without metabolic syndrome. 
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Introduction 

The etiology of obesity, a serious medical condition that 
affects an increasingly large number of individuals, is 
unknown although it is believed to be multifactorial (1). 
Some of the gastrointestinal regulatory peptides have been 
reported to be associated with satiety, and the 28-amino 
acid peptide ghrelin, mainly produced by neuroendocrine 
cells of the gastric mucosa, has been associated with a 
positive metabolic balance (2). Neuroendocrine cells 
producing these peptides are present in the different 
segments of the gut. Among the segments of the human 
gastrointestinal tract, the oxyntic mucosa of the stomach 
has a high concentration of these cells, which can be easily 
identified in full by the Grimelius-staining method (3). 

Over the last three decades there has been a major 
worldwide increase in the incidence of metabolic distur- 
bances that characterize the so-called metabolic syndrome 



(MS) (4,5). This phenomenon appears to be linked to the 
significant increase of obesity in the population. In addition, 
abdominal obesity and MS have been correlated with a 
differential serum concentration of gastrointestinal peptides, 
including ghrelin, gastrin, gastric inhibitory peptide, and 
glucagon-like peptide-1 (6). Since our previous results have 
shown that the specific type of ghrelin-producing cells of the 
gastric body behaved differently in patients with morbid 
obesity (7), we decided to study the full population of 
argyrophil cells from the body and antropyloric regions of the 
stomach of morbidly obese patients with and without MS. 

Material and Methods 

Three groups of patients were studied: a) 50 obese 
patients (38 women, 12 men, mean age: 35.4 years, BMI 
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>40) candidates for bariatric surgery, 21 (42%) of whom 
had MS. Metabolic syndrome was defined according to 
the International Diabetes Federation (4) and the National 
Cholesterol Education Program (5) criteria: all patients 
had triglycerides 5=150 mg/dL or reduced HDL choles- 
terol, systolic blood pressure 5=130 or diastolic blood 
pressure 3=85 mmHg, and type 2 diabetes mellitus or 
hyperglycemia (fasting plasma glucose 5=100 mg/dL) in 
addition to large waist circumference; b) 17 overweight 
dyspeptic patients (14 women, 3 men, mean age: 47.8 
years, 25 < BMI < 30), and c) 33 lean dyspeptic patients 
(18 women, 15 men, mean age: 41.7 years, BMI <25) 
subjected to upper digestive endoscopy due to dyspeptic 
complaints and taking no medications. 

All patients were retrospectively and consecutively 
selected at the General Hospital Gastroenterology Unit, 
with patients presenting peptic ulcer or neoplastic lesions 
being excluded. In addition, patients with atrophic body 
gastritis and histology suspected to be of autoimmune 
etiology were also excluded. The clinical and laboratory 
data of all patients were obtained from the hospital 
medical records. The Institutional Ethics Committee of the 
Federal University of Minas Gerais approved the study 
protocol, and written informed consent was obtained from 
all participants. 

Six tissue specimens of endoscopic gastric biopsies 
were obtained by the same endoscopist: 4 from the 
oxyntic mucosa and 2 from the antral mucosa. The biopsy 
specimens were fixed in 4% formaldehyde and embedded 
in paraffin, and 4-u.m sections from each specimen were 
stained with hematoxylin and eosin for histology, Giemsa 
for histological evaluation of H. pylori infection, and the 
Grimelius technique for staining of argyrophil cells (8). 
Argyrophil cell density was evaluated on acquired micro- 
scopic digital images (Axiocam camera and KS 300 digital 
system, Zeiss, Germany) in six consecutive 0.21 -mm 
wide columns containing the full mucosa thickness at 
400X magnification. The results are reported as the 
average number of cells/mm 2 . 

Statistical analysis was carried out using Epi-lnfo 
version 6.04 and GraphPad Prism version 5.01 softwares. 
Chi-square and Fisher tests were used for categorical 
comparisons and the Student f-test was used to compare 
means between groups. The Kruskal-Wallis or Mann- 
Whitney test was used to compare continuous vs 
categorical variables. A P value <0.05 was considered 
to be statistically significant. 

Results 

The frequency of chronic gastritis was similar (P = 
0.36) among obese, n = 27 (54%), overweight, n = 12 
(70.6%) and lean, n = 20 (60.6%) patients, and 
Helicobacter pylori infection was present in 25 (50%), 8 
(47%) and 22 (66.6%) of the patients in each group. 
Argyrophil cells stained by the Grimelius technique were 



demonstrated throughout the body and antropyloric 
mucosa of the stomach. At first glance, the histological 
examination showed no quantitative differences in the 
population of argyrophil cells among the three groups of 
patients studied (Figure 1). This general observation was 
confirmed by cell counts, i.e., obese, overweight and lean 
patients presented no differences in argyrophil cell 
densities in oxyntic mucosa, with respective values of 
225.61 ± 86.95, 239.94 ± 67.67, and 240.36 ± 85.98 
cells/mm 2 (P = 0.38). Similar results were observed in 
the antropyloric mucosa with 212.24 ± 83.05, 206.92 ± 
70.67 and 201.98 ± 62.40 cells/mm 2 , respectively (P = 
0.45). Conversely, the argyrophil cell density in the oxyntic 
mucosa of morbidly obese patients was higher (P = 0.01) 
in females (mean 238.68 ± 83.71 cells/mm 2 ) than in 
males (mean 179.31 ± 85.96 cells/mm 2 ). There were no 
differences in argyrophil cell density in the antropyloric 
mucosa between morbidly obese male and female 
patients, with respective mean values of 208.24 ± 
76.48 and 219.48 ± 106.41 cells/mm 2 (P = 1.00). 

Among the 50 morbidly obese patients, 21 (42%) had 
MS (15 females and 6 males) and 29 (58%) did not 
present criteria for the diagnosis of MS (24 females and 5 
males). In the oxyntic mucosa, argyrophil cell density was 
similar (P = 0.23) for females with and without MS, with 
respective mean values of 214.20 ± 50.58 vs 254.00 ± 
96.89 cells/mm 2 . The same result was observed for male 
patients with and without MS, with respective mean 
values of 141.90 ± 61.33 vs 224.20 ± 95.69 cells/mm 2 
(P = 0.14). On the other hand, morbidly obese female 
patients with MS showed higher (P = 0.02) argyrophil cell 
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Figure 1. Argyrophil cells stained by the Grimelius technique in 
the antropyloric (A and B) and oxyntic gastric mucosa (C and D) 
of morbidly obese patient without metabolic syndrome. Bars: 50 
\xm (A and C), and 10 urn (B and D). 
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density in the oxyntic mucosa (mean 214.20 ± 50.38 
cells/mm 2 ) than obese males with MS (mean 141.90 ± 
61.22 cells/mm 2 ). Female and male patients without MS 
did not show a difference in argyrophil cell density in the 
oxyntic mucosa (Figure 2). 

In the antropyloric mucosa the main difference in 
argyrophil cell density was observed only between 
morbidly obese female patients with and without MS, with 
respective mean values of 167.00 ± 69.30 and 234.00 ± 
69.54 cells/mm 2 (P = 0.001). In contrast to the oxyntic 
mucosa, the density of argyrophil cells in the antropyloric 
mucosa did not differ between morbidly obese female and 
male patients with and without MS (Figure 3). 

Discussion 

The neuroendocrine cells of the gastrointestinal 
mucosa differ in type and distribution according to the 
different regions of the gut. The behavioral differences of 
the argyrophil cell number found in the gastric mucosa of 
obese patients are not at all surprising. The literature 
reports data showing differences in plasma concentration 
of regulatory peptides in obese patients with and without 
MS and according to gender (9). 

Metabolic syndrome is characterized by abnormalities 
in blood pressure, lipid and glycemic homeostasis, which 
together lead to greater cardiovascular morbidity and 
mortality (4,5). The underlying cause of MS is still only 
partially understood but both insulin resistance and 
central obesity are considered to be significant factors. 
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Figure 2. Argyrophil cell density in the oxyntic mucosa of female 
and male morbidly obese patients with and without metabolic 
syndrome (MS). 
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Figure 3. Argyrophil cell density in the antropyloric mucosa of 
female and male morbidly obese patients with and without 
metabolic syndrome (MS). 

Recently, several investigators have shown that the 
changes found in MS are related to different neuroendo- 
crine axes. Leptin, considered to be a marker of adiposity 
and to be associated with insulin sensitivity and the 
gonadotrophin axis, has been shown to be elevated in 
obese patients, although resistance to a central action of 
this hormone occurs in these cases (9). Abdominal 
obesity might be associated with a state of subclinical 
hypercortisolism secondary to the activation of the 
corticotrophin axis, and Cortisol appears to play a role in 
regulating the circadian fluctuations of brain-gut peptides 
and the cell cycle of the gastrointestinal mucosa (10,11). 

The argyrophil cells present in the oxyntic gastric 
mucosa are of a closed type without contact with the 
gastric lumen. The most numerous endocrine argyrophil 
cells in oxyntic mucosa are enterochromaffin-like cells 
that produce histamine in addition to peptide products not 
yet completely known. The other cells present in this area 
are somatostatin-producing D cells, serotonin-producing 
endocrine cells, ghrelin-producing cells described as A/X- 
like, and other less well-known cell types. On the other 
hand, most of the endocrine cells of the antropyloric 
mucosa are of the open type and are represented by 
gastrin-producing G cells, somatostatin-producing D cells 
and serotonin-producing endocrine cells (12). Very little is 
known about the behavior of the endocrine cells of the 
antropyloric mucosa in relation to obesity and MS. 
Recently, a small number of investigators have attempted 
to relate gastrin to the higher incidence of cancer in obese 
patients (13). Similarly, the lack of gastrin in knockout 
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mice was related to the increase of adipogenesis and 
hyperinsulinemia (14). Finally, changes in the distribution 
and frequency of specific types of gastric endocrine cells 
have been described in the gastrointestinal tract in 
different pathologic conditions such as hypergastrinemic 
states and in H. py/ori-associated duodenal ulcer patients 
(15-17). However, the present study seems to be the first 
to report differential quantitative changes of the gastric 
argyrophil cell population in morbidly obese female and 
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